Introduction
population of recombinant inbred lines established by single seed descent, WI2875-23 1/Alexis, were screened for resistance in field plots for reaction to NFNB. These 24 populations were developed by the Australian National Barley Molecular Markerof NB330 (2005) . Three different isolates were used due to issues of insufficient 23 inoculum availability at the time. Earlier tests across a range of resistant host 24 genotypes had indicated that these isolates were of the same pathotype (Platz,unpublished) . Epidemics were promoted using supplementary sprinkler irrigation. 1
Disease reaction was scored after flowering when the level of disease in susceptible 2 lines appeared to be at a maximum. Notes were taken using a 0 -9 scale based on the 3 type and size of the lesions with 0 = immune, 3 = moderately resistant, 5 = moderately 4 susceptible, 7 = susceptible, and 9 = very susceptible. Disease readings were taken 5 once in 2003 and 2004 and twice, two weeks apart, in 2005. 6 7
QTL analysis 8
For the QTL analyses, a number of AFLP markers that clustered together were 9 removed from the maps. The total number of markers used in the Al/S map was 191, 10 while 200 and 253 markers were used in the W/Al and Ar/F maps, respectively. Two 11 software packages were used for the QTL analyses, namely Windows QTL 12
Cartographer Version 2.5 (Wang et al. 2006) and QTLNetwork-2.0beta (Yang and 13 Zhu 2005). Data were averaged across replicates for composite interval mapping 14 analysis by QTL Cartographer (QTLCart) and results were produced for each year. 15
With QTLNetwork (QTLNet), data for all replicates and years were entered and 16 analysed simultaneously. Epistatic interactions were also examined. QTL effects were 17 considered to be significant if the log-likelihood (LOD) score was ≥ 3 or P<0.0002. 18
The naming convention for the identified QTL uses the format 'QNFNBAPR.AL/S-19 2H' indicating a QTL for resistance to NFNB, followed by 'APR' or 'SLR' indicating 20 whether it is an adult plant or seedling resistance QTL. This is followed by the cross 21 in which the QTL was identified and the chromosome on which the QTL was 22
mapped. 23
Phenotyping 1
Prior to the field assessments, all parental lines were inoculated with isolate NB330 in 2 seedling pot trials. All parents scored a highly susceptible seedling disease rating of 3 10, based on a 1 to 10 scale (Tekauz 1985) (Table 1) . 4
In the field, the disease severity on adult plants was higher in 2005 (assessments 1 and 5 2) 
QTL analysis 12
Prior to QTL analysis, a number of AFLP markers that clustered together were 13 removed from the maps. The resulting total genetic map distances of the maps were 14 1281, 1521 and 1250 cM for the Al/S, W/Al and Ar/F maps, respectively with an 15 average distance of 6.7, 7.6 and 4.9 cM between markers for each of the maps. 16
For the QTL analyses, the data from individual years were analysed using the 17 composite interval mapping function in QTLCart. The full set of data was also 18 analysed simultaneously by QTLNet to produce an overall percentage phenotypic 19 variance explained across all years. Summaries of the analyses are presented in Table  20 2. LOD scores and the percentage phenotypic variance explained are listed for the 21 QTLCart analyses. The phenotypic variances explained are listed for significant (P< 22 0.0002) QTL detected by QTLNet analyses. 23 24 Table 2 1 Alexis/Sloop 2 In the Al/S population, NFNB resistance QTLs were identified on chromosome arms 3 3HL, 4HL, 7HS and 7HL and in the centromeric region of chromosomes 2H and 4H. 4 QTLs with the highest LOD scores were located on chromosome 2HC and 3HL (LOD 5 scores in 2005 were 11.2 and 15.6, respectively; Table 2 ). The highest variances 6 explained by these QTLs were 19 and 30% for the 2HC and 3HL QTLs, respectively. 7
For all QTLs, APR alleles were contributed by Sloop with the exception of the QTL 8 on 7HS which was from Alexis. Similar results were computed by QTLNet with 9
QTLs located in the same region as those indicated by QTLCart ( Analyses of the data with QTLCart indicated that a QTL on chromosome 1HS 7 explained from 9 to 12% of the phenotypic variance across the different years (Table  8 2, Figure 2 ). QTLs were also identified from the 2005 single year data on 9 chromosomes 2HS and 7HS explaining 16.4 and 6.9% of the phenotypic variance, 10 respectively. The 1HS, 2HS and 7HS QTLs were confirmed by the QTLNet analyses, 11 but the percentage variance explained was less than with QTLCart. All and in almost all cases LOD scores were higher. This is probably linked to the higher 7 levels of disease severity recorded in 2005 in comparison to the other years ( Figure 1) . 8
In all three populations only a small number of lines had lower scores than the more 9 resistant parent (Figure 1 ). Given the error inherent in a visual scoring system, this 10 suggests a lack of transgressive segregation, a conclusion supported by the results of 11 the QTL analysis, which indicate that the relatively susceptible parents in each 12 population donated, at most, one minor APR QTL. QTLs in different populations which co-locate are allelic or represent different 22 members of a gene cluster. A QTL for SLR that was also associated with resistance in 23 adult plants was identified on chromosome 6H in a number of studies (Cakir et al. 24 1998; Spaner et al. 1998; Steffenson et al. 1996) . This QTL was not detected in our 1 study. The APR QTLs on chromosomes 2HS, 3HL and 7HS identified in our study 2 were in a similar region to the APR QTLs identified in a North American study 3 (Steffenson et al., 1996) using the Steptoe/Morex population. These QTLs were not 4 detected in seedlings and therefore are QTLs which only operate as APR QTLs. 5
Two QTL analysis packages were used in this study, QTLCart to analyse data 6 from individual years and QTLNet to analyse the data across all years. At most loci, 7 similar results were obtained from both programs; however, there were some 8 differences. A QTL on 2HC in the W/Al population that was significant according to 9 Significant epistasis was detected in the Al/S population between regions on 3HL and 21 6HC using the analysis available in QTLNet. These regions may be coincident with 22
QTLs identified in other studies. A SLR QTL on 3HL was previously identified in the 23
Ar/F population by Raman et al. (2003) . SLR has also previously been identified in 24 the vicinity of the 6HC region by Steffenson et al. (1996) 
